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# A ~ - Date June 14, 1944

~ M, S, Smith , DEPARTMENT %
FROM

Mo C. Ieverett DEPARTMENT

IN RE:

Off Gas Iine ~ Building 706C

In connection with the chemical preparation being carried
out by Mr, Coryell!s section in Building 706C, my section hés been
asked to assist in some of the engineering work. It now appears that
it will be desirable to install a pipe line to take the off gases
from the dissolver set up in this operation and to discharge these
gases into the duct which leads from the 205 building to the 205
stack, I would greatly appreciate it if you will undertake the super-
vision of the instellation and laying out of this line since I believe
that this is somewhat outside -cur normal range of activities,

The gases are at present drawn from the dissolver by means
of an air jet which has sufficient capacity so that it can force the
gases through a 2" Iine up the hill into the 205 duct without assist-
ance from any other source, The volume of air flowing through this
Pipe line will be approximately 20 cu, ft/min, Preliminary caleula-
tions show that 2" schedule 40 iron pipe size pipe will be adequate
and thet approximately 550 ft, of this will be required, Mr.F, O,
McCullough, who has been handling this work, advises me that approxi=

 mately 600.ft, of 2" 18~8 S Cb pipe are in stock on the plant, It is

desirable to use stainless steel pipe because of the possibly corrom
sive nature of the gases,

Attached herewith are coples of Mr, McCullough's sketches
which I believe are self-explanatory, This piping should be complete
and physically ready for use no later than June R5, This work can be

done on the project which covers the chemical preparation mentiomed .°
above since it is necessitated by this preparation,

I shall be glad to supply any additional information which
you may need and suggest that coples of any correspondence on thls
subject should be sent to Mr, Coryell, This memorandum confirms our
telephone conversation of June 12,

o el o

- M, C, leverett

CC: Coryell
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R I hawe done some more thinking sbout the cuostion of monitoring the
= dissolver offegun line in the 205 arex after the shutdown of the 205 opara.
' tions. As you know, 1% Ss plenned that the 205 fan will bo kept going in ore
. der to provide weatlistion for 205 and 204, and to provide adenuste diluticn
C -/ for gemes from T06=C and 70Gel introdussd imtc the siasck from tho twoeinoh
" 1ine up the hill

! I believe that tho monitoring souioment iz relisdle within = fretor
~ of 8o or three for xenon monitoring, snd thet it prodably is giwine results
., whieh sye too high at present, The fodine monitoring equimment euffers frow
Lo the fant that iodine presumably condenses out in the mampling line, and it iz
i/ therefors pot known whether these results are reliahie or mot, I consider-
— able quantities of iodine were to continua t pase up the 205 stask, I think
it wonid be necemssr to contimus to mounitor the gnses for lodine.
) 1o the ease of T06el, the off=guses from the dissclver (She prinoipal source
./, of Lodine in the proooss) are passed through 2 sorubber souwnter-corrent to a
{7 stresn of water. laboyetory tests indisste that the water abpords mubstsoti.
o ally ali of the fodine a0 thet wery littls of it ia left in the gases that aye
discharged. This fact sets in opposition to the faot thet the cusntity of lo-
- dine released during the dissolving is comparsble with or perbaps sven greater
- than that relensed during a typloal 205 dissolving, It is therefore likely
LV 7/ that the geses dissharged out the 205 atsek will et thelr peak sontzin iese
LV aotive lodine than hes been prssent in the cast frox 205 dissolvings. In
M—Bméﬁmzmnﬂ-mummm“mmmly,uW&
mgm,maummwtmmmwm
i1 srrived at in the sass of 706-B, The xenon content of the guses is of oourse
= little affectad by the sorubbing. _ . ’

In viewr of the foreguing coenents I wonder ¥ you would spree with
me that it is unneocecssary to attenpt to imorove the lodine monitopinc oquip-
ment, oven thouph it is in a wather umsstisfaotory condition.aty the redeal
X think that a8 s mstter of oparating routine wo will want 40 record both:ime
dine and menon sgtivitiss in the off-gne line whenever o Atdsolv ém
asghld

An
706eC or 706=D, Iz $he case of the icdine, this : - bas ﬁl%t
of determining that the isdine concentrstion has not nl; by Bk
large faotor, In the omss of tho xemon, the activities;mem g ¢ gye

nore or less absolute significsnse, R & & I

o

° o C e
1'would apirecists your letting me kmow if in yowr opizion egyieipy
beyond this is remuired, e e

T

K. ., Leverstt
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Off-Gas Tie-In Resultinz in Near 3pill in 706-C

%e have reviewed the circumstances leading up to the near spill ef
active selution in 706-C on February 10 as presented in . 4. levy’s letter
of February 13 to W. C. Jehnsen, Additional facts pearing on the incident
have also been develeped which are of primary interest from the standpoint
of' preventing a recurrance of the mishap or of similar mishaps within the
plant. :

As peinted out in H. 4, levy's proposals, direct arrangement should
have been made between 200 Area and 706~C supervision for the tie-in work
between the 706-C off-gas line and 200 dissolver off-gas line, In this case
200 Airea supervision relied upon twe other groups te affect arrangements
with 706-C supervision. This reflects no discredit upen the ether groups
invelved since real cfforts were made by them to insure that the job be dene
safely. Iinal arrangements to de the werk were made by C, W, Harp and in-
cluded telephene agreement with £. L. Brady on February 7 or 8 ts the effect
that the neutralization of the storage tank at 706=~C could and would be
delayed until the morning of February 1z to permit cempletion of the tie-in
work prior to that date. Two hours before the work was te be started en
February 10 €. ¥. Harp infermed Ko i. Garber of the fact that the jeb was
scheduled for a specific time and requested that he 'notify everyene cencerned.
Ho 4. Levy has stated that K. k. Garber had neither the necessary authority
ner knowledge of 706-C operatiens to give clearance for this work, however,
C. ¥, Harp points eut that 90% of all repair orders are issued by . bo

Garper and practically all contacts with Maintenance are made by him fer the

706-C group. Misunderstandings between 200 supervisien and the Techniecal
Division representative further the conclusion that direct and detaileg plans
should have been made between the operatiny groups involved,

The 100 Area supervision assumed responsibility on February 12 for opera-=
tien of the steam syphoen in the off-zzs line lccated within the 200 Area.
The exact details of jet operation are beinyg settled between L. B. kmlet and
He Ac levy, however, in recognitien of the propesals made by the latter to
prevent reeccurance of the situation the follewing steps have been taken:
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Mro Jo P, Sincdair R February 19, 1955
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1. The off-gas valve in the line has been chained and locked in ecpen
pesitien. The key has been jiven to H. A. Levy and full contrel
of the valve will de in the hands of 706-C supervisien.

2. The valve contrelling eff-gas stean jet pressure has also been
chained and the key siven to 200 irea supervisien, We understand
all vzlve adjustments will be made by them to maintain negative
pressures as designated by 706~C supervision.

3. Any future maintenance werk involving the off-gas line between
706=C and the 200 irea stack will be carried out onily after ar-
rangements have been made and a member of 706-C supervisien is in
presence to supervise the necessary werk,

Wie suggest thai similar near accidents in the future be immediately
brought to the attention of other departments involved in order that
corrective steps may be taken at once to prevent reeccurance. In this
instance the letter describing the incident was not received until four
days later,

- Be Co Nylen
Superintendent = 200 Area

BCN /maw
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o 706-D OFF-GAS SYSTEMS, (REVISED)

:: Pwo off-gas systems are installed in 706-D:

1. The A-4 scrubber system, which provides vaemum for A-1
and A-5 only.

©. The A~16 scrubber system, which provides vacuum for A6,
, AB, A9, B1, B3, BS {15) B8, Bl2, Bl19, B20, B2l

*i ‘The recommended Tlow rate through A-4 is 160 divisions .
gi {4 G.P.M.} on flow meter. OCell differential pressure should be
l ( 0.5%",

2o put all of A~4 vacuum on A-l, close valve A5 - A3
valve On PBe-l, - ’

o divide vacuum between Al and A5, make regulations with
3 A5 - A3 wvalve on PB-l. '

Po obtain vacum in either A-1 and/or A5, valve in AE-B9,
PB~1, must be open. This is the header valve to 205 Bldg.

h g
§ The A-4 line to 205 Bldg. has a valve in the pit outside
1 ks Room 1. This valve is to remain open during operation of A-1 and
&t ] A5. The line continues underground to the Chriatmas tree behind

% wl > N3t 8 706-C, entering the system between the valve fartherest east and the
2 L} B E] mext valve to the west of the first valve. »

SRR - 3

ViR (38 In Gell A, the A-4 off-gas lime to 205 comteins a 1/2"

t it e E drain line, with valve, leading to Cell A ditech. There is no out-
_2‘@4 E ? @] side econtrol. This valve is to be left slightly eracked. In case
& 13 31| of adesire to drain this part of the line, close valve at 706~C

° E‘; ! 2] christmas tree and allow a reasonable amount of time for drainage.
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706-D Off-Gas Systems,(Revised) -2 July 14, 1945

A~16 System

The recommended flow rate thru A-16 is 10 diviasions
on flow meter {1 G.P.M.). Cell differential pressure should
be 7,.5"

To open A~16 to small vacuum fang in fan house, or to
205 Blig., extension handle valve in AE-F1l, first floor, must
be open. This valve opens both cell A and Cell B linss to
vacuur from fans. '

A=18 can obtaln vacunm from three sburees:

1. The small fan outside fan house. This is the regular
source. There is a drain, with valve from fan housing, which
goes 0 Well. The drain valve should be kept closed except when
in use., There is also a drain valve from the bottom of the con-
densate trap located imside the fam house. This rums to =11,
The valve shonld be clomed except when in use. These lines should
be drained sach shift during use of fam. The valve farthest east

. &% Christmas tres must be closed during use of No. 1 fan.

2. The secondary small fan inside fan house. Thie is to be
uged 4in case of failure of ¥o. 1 fan. In such ease, suction line
to Ko. 1 fan must be dlanked off by maintenamce and the valve to
No. 2 fan.

3. The 205 Building system. In ease of failure of No. 1 and
No. 2, close valve to Ko. 2 fan, blank off Fo. 1 fan, open sunken
valve two feet south of small fan house, open valve fartheat east
at 706~C Christmas tree, and open the remaining valvea at the tree
to cut in 205 Bullding.

There are three drains in the A-16 off-gas line between
A=16 and fan house:

l. One of the two inside drains is controlled through AW-G12,
first floor. This opems a 1/2" drain to sump of Cell A. Leave
closed sxeept when draining. .

2. A eyclone system for collection of condensate has been
installed in the 4" discharge side of A-16 off-gas line and is
located above A-6. The cyclone is drained by valve in a one ineh
lipe, controlled through AW-X12, first floor. Drainage goes to
W-ll. Drain once each shift.
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706=D Off~Gas Systems (Revised) July 14, 1945

3. The outside drain is located two feet from the north-
east corner of 706-D and runs to We-ll. A funnel and valve
arrangement is provided at intersection of off-gas line and hot
drain line for deecntamination purposes. Leave closed exeept
when neesssary to drain.

A-6 can be cut into or out of the A~16 system by operation
of valve in AE-B4, Second Floor. When vmevum is needed clsewhere,
this valve should be closed unless vacuum is needed in A4-6 for jet-

ting.

AS and A9 have individual off-gas valves on the third
floor,

The oue inch discharge line at the bottom of A-16 is pro-
vided with 2 walve {operated through third floor) for the pUrpose
of £1lling A-16 with decontaminating agents. ILeave open at all
times during Rum.

A system of introducing ammonia gas into the A-16 off-gas
is in use for the purpose of neutralizing corrosive fumes. A gas
eylinmier is losated on first floor near PeB.-3, feeding through
regulating valves on second floor, near AW-AlZ. A manometer
equipped with equalizer is provided at this point. The ammonia
traverses a 1/2" line to first floor and through AW-J13 to a point
Just above the main valve into A-16. Ammonis will thus be normally
Ted into the bottom of Al6. It is possible, however, to add ammonia
to the discharge side of A-16 at a point in the off-gas line about
10 fect east of the exit from cell. Use 3" pressure on the K 3
manoneter and flush the gas in with 5% air (read on pressuge gaZe t0
left of Mis manomster, '
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- £ £ Two off-gas systems are installed in 706D°
£2 £ G :
= &l = 1. The A-4 scrubber system, which provides vacuum for
= LIS 2

.
76>

[ XS 2]

2. The A-16 scrubber system, which provides vacuum for AS,
A8, A9, Bl, B3, B5 (14), B6, Bl2, BlYy.

thitl

»

o

i

, Do

A-4 system
To put all of A-4 vacuum on A-l, close AS5-A3 valve on FPB-1,

Chinf

To divide vacuum between Al and A5, make regulations with AS-
A-3 valve on PB-l.

To obtain vacuum in either Al and/or A5, valve in AE-B9, behind
PB-1, must be open. This is the header valve to 205 Building.

The A-4 line to 205 Building has a valve in the pit outside
Room 1. . This value is to remain open during operation of Al and AS. The line
continues underground to the Christmas tree behind 706-C, entering the system
between the valve farthest east and the next valve to the west of the first
valve.

The recommended flow rate through A-4 is 160. Cell differential
pressure should be >0,5",

The recommended flow rate through A-16 is 70. Cell differential
pressure in Cell B should be > 0.5",

A-16 System

: To open A-16 to small vacuum fans in fan house, or to 205
Building, extension handle valve in AE-F1l must be open. This valve opens
vacuun to fans from both cell A and cell B.

A-16 can obtain vacuum from three sources:

1. The gmall fan outside fan house. This is the regular source.
There is a drain, with valve, from fan housing, which goes to hot
drain line. The drain valve should be kept ¢losed except when in
use, There is also a drain valve from the bottom of the condensate
trap located inside the fan house. This runs to Wll. The valve
should be closed except when in use.

This document contains information affecting the natxona!
defensg rod Srures wirhin rhe meaning
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2. The secondary small fan inside fan house. This is to be used
in case of failure of No. 1. In such case, suction line to
No. 1 fan must be blanked off by maintenance and the valve %0
No, 2 fan opened.

3. The 205 Building System. In case of failure of No. 1 and 2,
close valve to No. 2 fan, blank off No. 1 fan, open sunken
valve two feet sough of small fan house, open valve farthest
east at 706-C Christmas tree, and open the remaining valves
at the tree to cut in 205 Building. Under normal use of No. 1,
or even No. 2, the valve farthest east at the Christmas tree
will remain closed.

There are two drains in the A-16 off-gas line between A-16
and fan house:

1. For draining inside cell A, open valve in AW-Gl2, first floor.
This opens a 1/2" drain to sump of cell A.

2. The drain for the outside is located two feet from the north-
east cormer of 706-D and runs to 706-C hot drain tank. A
funnel and valve arrangement is provided at intersection of
off-gas line and hot drain line for decontamination purposes.

A6 can be cut into or out of A~1l6 system by operation of
valve in AE-B4, second floor. When vecuum is needed elsewhere, this valve
should be closed unless needed for transfer of solution into A-6.

28 and A9 have individual off-gaes valves on the third floox.

Ammonis System

A system of introducing ammonia gas into the A-16 off-gas
is in use for the purpose of neutralizing corrosive fumes. A gas cylinder
is located on first floor near PB-3, feeding through regulating valves on
second floor, near AW-Al2. A manometer equipped with equalizer is provided
at this point. The NHz traverses a 1/2" line around Cell A to a spot
behind PB-1 where it drops through floor and into the A-16 of f-gas discharge
line leading to fan house.

1. R. Kichener
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Arco, Idaho
Subject: Dissolver Bibliography

Dear Sir:

During my most recent trip to Idsho A. M. Rom requested that ve
obisin and forward all Unit Operstions reports concerning dissolving
procedures for RP, MIR, and EBER fuels. ‘

The féllowing 1s & list of reports lssued on dissolving procedures
applicable to the Idaho Chemical Process Plant.

off-Ges Treetment

CF~51=10«55 Operation of Pure Gas Catalytic Oxidizer
E. 0. Burmi to F. L. Culler

CF~51-4-33 Suggested Experimental Work for Removal of
Oxygen and Oxides of Nitrogen from D.0.G. Streams
W. L. Carter & J. M. Holmes to F. L. Culler

CF-51-T7-11 Proposed Radicactive Gas Separations System for Pllot Plant
W. 3. Farrow Jr. to P. L. Steshly

CF-51-10~128 Off-Gas Processing Studies CT-32
E. P. Reichardt to F. L. Steshly

CF-51~9-148 Dissolver Off-Ges Treatment, Areo
Quarterly Report 5-7, 1951
E. P. Reichardt to F. L. Steahly

PLS-692 Dissolver Off-Cas Trestment -~ Arco
E. 0. Furmi %o F. L. Steahly

CF-51-11~157 UNOP Status Report 11-26-51

CP~51=9=135 UNOP Status Report 9-26-51
CF~51-90k UNOP Status Report 9+19-51
CF~51-9-47 UNOP Status Repart 9-12-51

CF-51-8-228 UNOP Status R 8-30-51
] Thi g
(,"s, d‘{"j,‘ij{”*?nt c s AC{e:;rligtfg data as defined
SEOURTIRPORMATION:

Its transmittal
s rcontents in any manner to
7018 nrohihitaed,

"
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SECUMPPINTEERATION
H. E. Goeller “-3 - January 5, 1952

Off-Gas Treatment g Cantz

CF=51=8-52 URCP Status Report 8e6-51
CF=51=T=176 UNOP Status Report 7T=3051
FL8-TTT UNGP Status Repert 7-15-51
FL3.T66 UNOP Status Report 7-251
FLS-758 UROP Status Report 6-25451
P18-Th5 UNCP Status Report 6-18-51
FLB8~T37 UNCP Status Report 6-11-51
FLS-T725 UNQP Status Report Ge-be51
F18-T13 NP Status Repert 5-2851
FL8~699 UNOP Status Report S5-21-51
Fi8-653 UNGP Status Report 4+30-51
CF=51-9-48 DOG Treatment - Arco

Quarterly Report, May 1951 - July 1951
E. P. Relehardt to F. L. Steshly

MR
CF=51<T=140 Witric Acid Dissolution of MR Assemblies
E. 0. M’ D. L. Foster
EER
FLS=T09 EER - Quarterly Repert, 2/10/51 - 5/10/51

B. K. Sampson, Jr.

CP=51-8=151 ERR Slug Diesolving - Quarterly Repert for
May through July, 1951
B, M. Sampson, Jr.

ORNL-1137 Dissolution of EER Hlugs
B, M. Sampscn, Jr. (2@ be Publilm M)

HP Slugs

CF=50=10=14 Metallurgical Treatmant of Alloy Slugs Versus
Dissolving Rate
A. T. Gresky, E. 0. furmi

Quarterly Report, Disselving of U-Al Alloy,
P-10 Type Slugs, 8/10/50 - 11/10/50

D. L. Foster, E. 0. Furmi

Quarterly Report, Dissolving of U-Al Alloy

J Type Slugs, 11/10/50 - 2/10/51
D. L. Foster, E. O. Nurmi

-
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He. Be Goeller

NP Slugs (Cont)

FL8-T10

CF=51-8~115

F13.632

REL-1195

F»50-12-23

-
SEC MMM

Januery 5, 1952

Quarterly Report, J-Slug Dissolving
2/10/51 - 5/10/51
D. L. Foster, E. 0. Nurmi

Quarterly Report, Dissolution of U-Al Alloy
J Type Slugs, Pume Recovery, 5/10/51 - 7/10/51
D. L. Faﬂm, B. 0. Rurmi

J=8lug Dissolver Operating Procedure Details
E. 0. Rurmt

Dissolution of U=-Al Alloy Slugs
D. L. Foster, B. O, Nurmi (To be published soon)

Metallurgical Factors Affecting the Dissolving
Rate of 7.5% U - 92.5% Al Alloy
D. E. Hamby to J. H. Frye, Jr.

*etallurgy Division Report

We will secure copies of each of these documents and forward them
to you, with coples to A. M. Rom 1f possible, as soon as they can be

obtained.

Yery truly yours,
OAK RIDGE NATICHAL LABCRATCRY

F. L., Culler, Chief
Procescs Design Section
Chemical Technology Division
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1.0 Introduction

In connection with the study of gas clean-up in fumeless dissoliringl’ 2, it

became necessary to devise methods for analyzing a gas stream for smaller gquanti-
ties of nitrous gases than could be determined by Orsat analysis. This memorandum
describes a method for the analysis of Ngol;(nog) in concentrations ranging down-
ward from 1 or 2 percent to less than 100 parts per million in the gas stream.
Such a method will be appiiéable to NO, upon conversion of the latter ‘bo NEOH'

The method herein reported has been developed only to the extent necessary for
study of the scrubbing of the off-gas stream. For more general use, further study |

may be necessary.

2.0 Summaery of the Method

The rethod is based on the reactions,

N,0), {or 21\702) + 2 NaOH —> NaNO, + NaNO3 + B0 | (1)

and

2

The colorimetric reagent, sometimes called Griess Reagent, can be made sensitive to |

less than 0.0l ppm of nitrite in solution.

NO. + acetic acid + Q-naphthylamine + sulfanilic scid —» red azo dye (2).
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A measured volume of gas is passed successively through five gas washers
of the fritted disk type, each containing 100 ml of 4M NaOH. The alkaline
scrub in each washer is transferred quantitatively to a volumetric flask of
the appropriate size and diluted to the mark with nitrite-free distilled water.
Analyses are performed on solutions made by mixing aliquots of these,s_olutions
with a definite excess of acetic acid and a definite volume of Griess Reagent
and diluting to the mark in another volumetric flask of appropriate size. After
allowing 45 minutes for development of the pink color, transmittances are
measured in a Beckman Model DU Spectrophotometer, using a wave length of 525
mﬁ gnd a l-cm. cell. Concentrations of nitrite are read from a previously es-
t&biished calibration curve obtained with standard nitrite solutions containing
comparable amounts of acetic acid and sodium acetate. Percentages of Béoh(NOz)
in the gas sample are then calculated from the dilution factors, the volume of
the sample, equation (1), and the ideal gas laws.

Beer's Law was found to hold in solutions up to 2 ppm of sodium nitrite.
Solutions varying in acetic acid concentration from 4 to 84 but with (acetic
acid)/(sodium acetate) fixed at sbout 15 gave points falling on the same straight
line when - log I/Io was plotted against ppm of sodium nitrite.

When checked against weighed samples of Néoh the method ylelded 80% of the
nitrite expected on the basis of equation (1). The procedure will probably give

high results when NO is present. Sample data and calculations are presented.

3.0 Notes and Experimental Details

The use of Griess Reagent for detection and analysis of nitrites is not

new3, and the method has received recent attention by Rider and Mbllonh. It

$heRer
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3esmed necsessary, howeve;, fé éheck and extend thé.§revious work in order to
adapt the method to the analysis of nitrous gases. In particular, since the
ﬁgck was to be zbsorbed in sodivm hydroxide solution and +the latter neutralized

with acetic acid, a study of the effect of scdimm scetate ant acetic acid on

color development seemed warranted.

3.1 Materials and Solutions

Griess Reagent was prepared by dissolving 1 g. of suwlfanilic acid

and 0.2 g. of a-naphthylamine in 600 ml of a 50% aqueous solution of acetic
acid. The colorless solution was stored in an amber bottle.

Standard nitrite solution was prepared by dissolving 0.3000 g. reagent grade

sodium nitrite in one liter of solution with nitrite-free water and diluting
10.00 m1 of this solution to one liter in a volumetric flask. Such a solution
contains 3 ppm of NaNOQ.

Other reagents, acetic acid, sodium hydroxide, sodium acetate, and distilled

water, showed the sbsence of nitrite.

3.2 Transmittance Curve for a Neutral Nitrite Solution

Figure 1 shows that the maximum absorption for a 0.3 ppm neutral sodiwm
nitrite solution occurs at a wave length of 525 mu} Accordingly, this wave length

was employed for the analyses.

3.3 Time for Full Color Development and Color Stability

Figure 2 shows the variation of transmittance I/Io with time for solu-

tions 0.12M in sodium acetate and 0.7 to UM in acetic acid. These show (a) that

SESREP
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the transmittance decreases as the ratio of the concentration of acetie acid

to sodium acetate increases, (b) that the time for color development decreases
- with increasing concentration of acetic acid, and (c) that in each case the
transmittance remains essentially constant after 45 minutes.

An idea of the stability of the colored solu?;’;ons that hed been left
standing in diffuse 1ight may be gained from Table I. The values of. I/Io are
essentially unchanged. For solution 6 the change in Ppm corresponding to the

chenge in I/Io is 0.08.

Table T

Stability of Color Formed with Nitrite Solutions and Griess Reagent

2M acetic acid; 0.12M sodium acetate; = 525 mu; 1 cm cell

I/Xo after I/Io after 1I/Io after

Solution ppm NalNO,, WS minutes 2 -k hys. b hrs.
1 0.16 0.834 0.807 0.820
2 .32 .69k .680 .693
3 .63 475 460 ATk
b .95 .322 314 .325
5 1.27 .22k .216 .226
6 1.59 .152 150 .161
ST 1.74 .130 .126 .137

3.% Calibration Curve

On the basis of the characteristics of transmittancy curves (not

shown) with varying ratios of (acetic acid)/(sodium acetate) the ratio of about

15:1 was selected for the standard solutions. Investigation of a series of
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standsrd sclutions ranging from 3.7 to 8@4 in acetic acid with the concentrstion

of the latfer fifteen times that of sodium acetate gave points falling on the
same straight line when -iog I/Ié was p.lotted against prm of NeNO,, as may be
seen from Figure 3. The lower line represents data for a series of soluticns
2M in acetic acid and 0.12M in sodium acetate. One might include these data and
draw the best straight line among the points if great sccuracy is not required.
It is of' interest that the data follow Beer's Law in the range of concentration
*-studled. | |

Thus, within limits, one has only to add to the sliquot of the scrub a
quentity of acetic acid such that after neutralization and dilution to the
appropriate volume (acetic acid)/(sodium acetate) = ca. 15.

With the spectrophotameter and & 1 cm cell as little as 0.01 ppm sodium
nitrite in the solution can be detected. The ‘sensitivi‘hy can be g:_'ea.tly increased
by the use of 1onger eolumns of solution, such as may be cbtained with Nessler

tubes.

3.5 Effect of Nitrate Ion

Rider and Me-llonltL have shown that nitrate ion present to the extent of -

1000 times that of nitrite causes no interference.

3.6 Dsta and Caleulations in a Run

Teble II gives some date and calculations for purposes of illustration.

A sample of gas that had been scrubbed by passing through a packed tower counter-

current to a stream of 20% KOH was submitted by T. S. MeMillan and W. L. Johnson.
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A sample of the influent g&é i sub ed. - Analyses by the method herein

described show that 99% of the W0, was removed.

Teble IT

Tllustrative Data and Calculations

Scrubber Nitrite Concentrations, ppm (100 ml solution)

No. Influent Gas (303 ce) Effluent Gas (265 ce)
1 75.0 0.47

2 4.8 0.08

3 2.0 0.05

L 1.0 ; ; : 0.02

P 0.9 0.0

Tétals‘ 83.7 o 0.67

Semple Calculation for Influent Gas:

: IR B e
Mol. Wt.kNéOh kT--’ 2N02 is 80 aﬁ 25

83.7 x 10'6 x 100 x 92 _ g,0111

g Néoh = P =
(NOQ)
ce §.0, = nRT = 0.0111 x 82 x 300 = 3.4
2°h 3 %
V = ,_____.3'1" ‘ =
% NJ0), =53 x 100 = 1.1

Similar calculation for effluent gasglves % N,0, = 0.011

3.7 Direct Check of the Method

While the method seems farily relisble for analysis of nitrite, a direct

check ageinst known amounts of Ngoh seemed desirable. Scme 80% of the expected




Page 8

nitrite was found. While this result shows the method to be -a.dequate for study

~ of off-gas processing it leaves an error which exceeds that ordinarily involved
in colorimetric work. The procedure is now being checked for errors in technique
and for the possibility that not all N0, reacts accordving to equation (1). The
latter consideration is important in clean-up of Ngou , as the formation of other

nitrous gases might create an additional problem.

3.8 EPfect of the Presence of NO

When NO is present the copbination of N02 and NO is likely to give
high results, as such mixtures are repor'ted5 to behave chemically as N203 which

reacts with water or alkali to yield two moles of nitrite instead of ome.

4.0 References
1. Memo, L. G. Anderson to F. L. Steahly, CF 51-9-172, September 13, 1951.
2. Memo, Lloyd E. Line, Jr. to J. R. Flanary, October 19, 1951.

3. L. M. Dennis, "Gas Analysis”, The MscMillan Company, New York, 1925,
P- 218

k. B. F. Rider with M. G. Mellon, Anal. Chem., 18, 96(1946)

5. Yost and Russel, "Systematic Inorganic Chemigtry", Prentice-Hall,
New York, 19hk.
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Figure 1
Transmittance - Wave Length Curve : ;
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1.0 Introduction

The purpose of this work is to develop a method of removing radloactive
krypton and xenon fram the off-gas generated during slug dissolution.

The contemplated procedure is to adsorb these elements upon Columbia CXA
activated carbon at low temperature. However, before this cperation can be
performed, it is necessary to remove from the gas mixture all components which
would interfere with the adsorption. Procedures for removal of I,, NO, NOZ’
and CO, have been described in previous reports. A procedure for removal of
oxygen and N,0 by hydrogenation at 325° C. in the presence of palladium catalyst,
the so-calleg Puregas unit, has also been reported. The major effort for the
quarter was, therefore, development of a suitable adsorber and determination
of its capacity.

At the beginning of the quarter, work was undertaken to relocate the gas
train used for removal from the gas stream of components which wuld interfere
with adsorption of krypton and xenon. Also undertaken was construction of an
adsorber with a refrigeration system based on the use of liquid nitrogen under
pressure.

Unexpected difficulties in operation of the relocated gas train slowed
experimental progress, but five adsorption tests were made. In the tests the
gas mixtures containing krypton and xenon were passed through the adsorber and
the concentration of krypton in the exhaust gas plotted as a function of time,

It was established that the pattern of break-through closely followed theoretical
considerations. Accordingly, rather precise predictions of the life of any such
adsorber can be made provided concentration of the compenents in the inlet streanm
is known and a permissible value in the exhaust gas is established. Roughly

A q [
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2,0 Summary (Continued)

speaking, with a contact time of 10 seconds, each gram of carbon in the
adsorber will adsorb approximately 50 standard cubic centimeters of krypton
and xenon from a gas containing in the range of one-half per cent of these
elements before the efficiency of the adsorber drops below 95%.

Considerable improvement in technique for detemmination of krypton
concentration by counting krypton-85 tracer was achieved during the quarter.
A commercial type RCL counter-tube was siwbstituted for the special, gas-purged,
gold-plateéd~-rubber-hydrochloride-window tube. This development increased the
reliability of determinations and made it possible to establish a precise
pattern for breakdown of the adsorber.

A thermal decomposition procedure for decomposition of nitrous oxide
has been developed. Essentially complete decomposition of nitrous oxide in
a gas mixture was achieved by passing a gas mixture containing nitrous oxide
through an Inconel pipe at 980° C. with an exposure time of 7 secnds.

3.0 Experimental

3«1 General Procedure

Off-gas from non-radive slug dissolution contains nitrogen, oxygen,
carbon dioxide, carbon monoxide, water vapor, NO, NO,, N,0, and hydrogen.
The gas mixture is collected over water in a gas holder.” In the gas holder
most of the NO, dissolves, forming nitric acid and nitrous acide. Any NO
present may be oxidized to NO, by addition of oxygen and the NO, so formed
is also allowed to dissolve in the water. Since "non-radive® s ugs produce
no krypton or xenon, it is necessary for experimental purposes to add known
quantities of stable isotopes of these elements to the gas remaining after
removal of the NO and NO,. Then, in order to determine the concentration of
krypton at any point in the train, sufficient krypton-85 is added to act as
a tracer. For an experiment, the pressure of the gas mixture is increased
to approximately 27% water above atmospheric and the gas thereby driven
through the gas train (Shown in Figure I) at a constant measured flow rate.
The first unit of the train is a 20% KOGH column which removes carbon dioxide
and traces of NO, remaining in the gas after treatment in the gas holder.
Next the gas is mixed with hydrogen and passed through a palladium catalytic
unit in order to remove oxygen and nitrous oxide. The quantity of hydrogen
used is 50% excess over that theoretically required to convert the oxygen and
N,C present to water and nitrogen. In order to prevent high concentrations
of hydrogen, which might present an explosion hazard, the gas may be diluted
with superheated steam during its passage through the catalytic unit. The
gas is next cooled to condense out water vapor which is drained off through a
liquid seal. The remaining gas is further dried, allegedly to a dew point
of -4O° or better by exposure to a bed of activated alumina., The dried gas
is passed to_a cold trap at =-170° C. and finally to the carbon adsorber bed,
also at =170° C. Exhaust gas from the adsorber is passed through a beta-gamma
counter which measures its radioactivity. From the activity; as compared to
the original gas, the concentration of krypton can be calculated.

SEGRET
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340 Experimental

3+1 General Procedure (Continued)

Since the concentration of krypton and xenon in the gas mixture is
low a considerahle quantity of gas mixture must be passed through the adsorber
before significant break through occurs.

In order to reduce the labor and expense which would be involved
in preparing and storing large quantities of dissalver off-gas, synthetic
gas mixtures were used for adsorption tests. The synthetic mixtures approx-
imated the concentrations of nitrogen, oxygen, and nitrous oxide which had been
observed in the off-gas, but contained no NO or NO.. Such synthetic mixtures
could be prepared, spiked with xenon, krypton, and“tracer, then kept under
pressure in a storage tank of reasonable size.

3.2 Pure Gas Unit

Two attempts were made to conduct gas thru the relocated train using
the "Pure gas* unit for removal of nitrous oxide and oxygen in the gas mixture.
In both cases the "Pure gas® unit became pPlugged, resulting in failure of the
experiments. In the first experiment the Plugging occurred during the *warm
up " period prior to actual admission of the gas. The unit was sawed open
for examination. It was found that the catalyst pellets were cemented to-
gether into a solid mass and that a sample of the material dissolved in water
was strongly basic, indicating entraimnment of K solution from the caustic
scrubbing column.

A check revealed that potassium hydroxide solution was. being en-
trained, so the top of the column was modified and the de-entrainment trap
was equipped with a continuous drain through a liquid seal. This served to
indicate pressure in the train at that point as well as assuring removal of
potassium hydroxide solution carried over from the column.

In spite of the precautions described, a new "Pure gas" unit plugged
during the first two hours of use. In this case there was no evidence of
caustic entrainment; it appeared that primarily the failure was due to corrosion
of the "Poronze® filter at the exhaust end of the unit. Substitution of a
filter of different material should prevent a recurrence of this type of failure.

3e3 Thermal Decomposition

At the beginning of the quarter, equipment was set up in order to
develop a thermal decomposition method of removing nitrous oxide from the gas
stream. The equipment was very simple, consisting merely of a 70 gallon gal-
vanized steel tank in which gas mixtures containing nitrogen, oxygen, and
nitrous oxide could be made up and dispensed through a pressure regulator;, a
throttling valve, and a gas rotameter to a tube furnace. By analysis of the
exhaust gas from the furnace, it was possible to determine the effectiveness




3.0 Experimental

3.3 Thermal Decomposition (Continued)

of nitrous oxide decomposition at various temperatures and flow rates. For
preliminary experiments, a 5/8" diameter Inconel tube was used with a heated
length of approximately 15 inches. With this apparatus it was established
that approximately 7 seconds residence time at 980° C. was necessary in order
to obtain essentially complete decomposition of nitrous oxide and that under
these conditions approximately 10% of the nitrous oxide was convertei to Noz.

The equipment was scaled up to the size necessary for the flow rates
used for the gas train and further testing conducted. Data from all experiments
are grouped in Table I. It is felt that a more reliable method of nitrous
oxide analysis must be achieved before the degree of decomposition as a
function of time and temperature can be plotted closely, but the results in-
dicate that decomposition under the conditions specified above are definitely
quite complete. Since the difficulties experienced in operation of the “Pure
gas® unit were holding up adsorption experiments, the new thermal decomposi-
tion unit was piped into the train shead of the caustic scrubber and the
"Pure gas" unit was by passed. Gas samples, taken during the adsorption
experiments conducted since have afforded further assurance that the thermal
decomposition unit satisfactorily removes nitrous oxide.

3 oh Counting

In previous work, counting of the radioactive gas was performed
using a special counter tube. The construction of this counter tube, in
brief, was such that it utilized a gold-plated rubber-hydrochloride window
and required a continuous supply of counter gas.

. Systematic experiments conducted during this quarter indicated
that the operation of the tube was extremely erratic. Very slight changes
in flow rate of gas caused large unpredictable changes in counting rate.
Furthermore, the tube was rather insensitive. In view of these observations,
experiments were undertaken to devise a more dependable and sensitive counter.
It has developed that a type RCL counter-tube enclosed in a bottle through
which gas can be passed is not affected by reasonable variations in flow
rate of gas and, moreover; that this commercial counter is roughly 100 times
as sensitive as the special counter tube used previously. A further advantage
is that the commercial counter tube can be simply replaced by a new, standard-
ized unit in the event of failure during operation.

3.5 Adsorption

Five adsorption test runs have been made in which gas mixtures con-
taining known concentrations of krypton and xenon were passed through the ad-
sorber al measured flow rates and break-through determined as a function of
time. In all of the experiments the adsorber was a 35-gram bed of L to 6 mesh

“SECREE
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340 Experimental

3.5 Adsorption (Continued)

CXA Columbia carbon. The bed was 6 inches in length, 1.04 inches in diameter
and was maintained at a temperature of -170° C. during operation by immersion
in liquid nitrogen under a pressure of approximately 125 pounds per sguare
inch. It was felt that an adsorber of smaller dimensions might lead to error
due to faulty packing of the carbon pellets.

In experiments #1 and #2 the gas was passed through the gas train,
using the thermal decomposition unit for removal of nitrous oxide. In ex-
periments #3, #i, and #5, no nitrous oxide was added in the synthetic mixturs
and only the dryer, cold trap, and adsorber were operated. In all of the
experiments the concentrations of nitrogen and oxygen in the g8s mixture
getting to the cold trap were approximately 89% and 10%, respectively.

Data from the experiments are plotted in Figures II and III as
concentration of krypton breaking through the adsorber versus time. also
in Figures II and IIT are notes pertaining to flow rates and gas concentra-
tions of particular experiments.

The theoretical curves for experiments #l, #3, #4 and #5, repre-
sented by dotted lines in Figures II and III, were construced in accordance
with the equations prescribed by S. H. Jury in report ORNL C.F. 51=7-41,
"Design of Percolators", using data from experiment #2 as a base. It appears
that the equations admirably represent the experimental data and, accordingly,
rather accurate predictions may be made as to the operating characteristics
-of this type of adsorber.

Le0O Equipment
L1 Thermal Decomposition Unit

Modifications in the gas train with regard to its utilization with
the hydrogenation unit have been minor. However, for the experiments on
adsorption tests;, the hydrogenation unit was removed and a thermal decomposi-
tion furnace placed ahead of the caustic scrubbing column as a substitute.
This thermal decomposition unit is a 36" length of 1% inch schedule 40 Inconel
pipe which can be heated to 1000° C. by two 10" tube furnaces. Power to the
furnaces was supplied by a pair of 20 ampere Variacs which in turn were con-
trolled by a single thermocouple and an indicating temperature controller,

- The wiring was arranged so that the voltage output of the Variacs was Pro-=
portionally controlled; not completely cut on or off; by the temperature con-
troller. The two 10" furnaces were separated by Lz inches of insulation,
This gave a temperature distribution along the heated pipe which had a pair
of peaks with a slight dip between them. This served to lengthen the heated
zone and flatten the extreme temperature peak which would normally be present
near the midpoint of the heated zone.




L0 §guigment

4.1 Thermal Decomposition Unit (Continued)

A graph of the temperature distribution versus length, together
with a wiring diagram of the furnaces is shown in Figure IV.

Le2 Adsorber

The cold-trap and adsorber with their refrigeration unit is shown
schematically in Figure V. The design is such that the unit operates con-
tinuously at -170° C. with a constant liquid level of nitrogen around the
cold~trap and adsorber. Approximately L4 inches of hair-like insulation
surrounds most of the refrigeration system and this is sealed from moisture
by felt and creosote-base sealer.

The refrigeration unit operates at 125 pounds gauge pressure with
liquid nitrogen as the refrigerant. As can be seen from the diagram, the
upper reservoir can be isolated, bled to a atmospheric pressure, refilled,
and brought back to operating pressure without affecting the lower reservoir
which cools the cold-trap and adsorber. Consumption of liquid nitrogen by
the refrigeration unit was about 4 to 6 liters per hour, but the unit could
accomodate a much larger cold-trap and adsorber with practically no increase
in consumption of liquid nitrogen. A similar unit has been designed for
the Purex pllot plant which should not consume more than 10 liters of liquid
nitrogen per hour but which has a carbon bed LO times as large.

Many details have been omitted from Figure V for the sake of
simplicity. However, it should be observed that high-pressure steam may be
admitted to the system at D and condensate drained from B, enabling one to
regenerate the adsorber without removing it from the refrigeration system.

;;f;;;hua"£¢fié§5”$2§214%g;1,/
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Thermal Decomposition of Nitrous Oxide

Expt. Inlet Concentr. Tomp. Flow Contact Exhaust Cc;ncentrations Percent
 Number Oxygen Nitrous (°c.) Rate Time Oxygen Nitrous NO, & NO N 0
(2) oOxide(%) (cc/min) (sec.) (%) Oxide(%) Decomposed

17 5.7 7.7 800 1155 - - - - -
27 5.7 7.7 800 697 - - -- - -
37 5.7 7.7 800 232 - 5.5 8.1 0.1 D
T 5.0 7.7 8% 1155 = 57 73 0.2 -
57 5.7 T 890 691 1.5 5.7 6.9 0.2 10.4
67 5,7 7.7 890 198 - 5.8 7.4 0.5 -
77 5.7 7.7 960 1164 0.89 6.9 Lok 0.6 L3
87 5.7 TeT 960 705 L7 7.7 2.4 0.9 69
97 5.7 7.7 960 699 19 7.k 2.9 0.6 62
107 5.7 7.7 960 176 5.9 8.7 0.8 0.0 100
Lr 56 8. 960 1116 1 6.26 7.2 0.0 0.8 100
127 7.7  39.0 960 1065 6.4, 18.3° 0.8 3.1 98
137 5.7 7.7 960  1h2 7.34 8.4 0.3 0.6 96
P 747 3940 960- 612 11.2 18.9 3.7 2.3 91 2
15 7.7 39,0 960 L67 1.6 16.6  12.9 1.6 67 ¢
167 7.7 39.0 980  1Qu6 6.4 19.3 0.9 2.9 97
7P 7.7  39.0 980 675 9.9 21.1 0.0 2.1 100
187 7.8 5.6 980 1050 10.5 10.1 0.0 0.4 100
197 9.2 7.3 980 906 12,2 9.8 0.0 0.6 100
20F 9.0  3L.7 980 906 12.2  20.3 0.0 1.2 100
217 5.7 6.0 980 710 .3 8.9 0.0 0.5 100
227 7.7 3940 980 300 2.4 6.8 0.0 1.5 100
237 5.7 7.7 1Q20 1178 0.9 6.5 0.8 3.8 sl ?
2 5.7 7.7 1020 728 b 7.3 1.2 L6 Lo ¢
257 5.7 7.7 1020 178 5.7 8.9 0.8 0.0 100

NOTE: (1) Nitrogen is the remaining component of gas mixtures
(2) Temperatures were measured using an unsh:.elded chromel—alumol

thermocouple o /
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Krypton Exhaust Concentration (ppm)

Expiration Curves of Krypton on

«10-

CXA Carbon at -170° Centigrade

Expt.
No.
1
2
3

Flow
Rate
cc/min.,

770
1050
2100

Inlet Concent. (ppm)

Krypton

5000
2500
2500

Xenon

500
2000
2000




Expiration Curves of Krypton on

CXA Carbon at =-170° Centigrade

BExpte Flow Inlet Concent. (ppm)
Noe« FRate Krypton Xenon

cc/min.
L 1050 1125 - 2000
5 533 2500 2000

Krypton Exhaust Concentraticn (ppm)
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* SECURTY INFORMATION

FIGURE IV

Thermal Decomposition Unit
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FIGUEE V

/,F S‘g ”\ Cold-Trap and Adsorber With

= — Refrigeration Unit
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